Purpose: To assess the clinical outcome and evolution of recurrent afebrile seizures in children initially diagnosed with benign convulsions associated with mild gastroenteritis (CwG). Methods: We reviewed and analyzed the medical records of 37 patients who were diagnosed as CwG at onset, followed by recurrent afebrile seizures and followed up for at least 24 months. Results: The follow-up period ranged from 2 to 7 years (median, 40.1 months).Three patterns of recurrent afebrile seizures were recorded: afebrile seizures associated with gastrointestinal infection (AS-GI, n = 25), afebrile seizures associated with non-gastrointestinal infection (AS-nGI, n = 9), and unprovoked seizures (US, n = 3). Twenty eight patients (75.7%) had a second episode within 6 months after the first seizures. Five cases (13.5%) suffered three episodes of afebrile seizures. Seizure characteristics of the three patterns were similar, manifesting as clustered seizures in the majority. Focal epileptic activities in interictal EEG were found in 3 cases (9.4%) at onset, 10 cases (28.6%) at the second episode, respectively. Six patients were prescribed anti-epileptic drugs with apparently good responses. During at least 2 years' follow-up, all the cases showed normal psychomotor development. Only one patient was diagnosed with epilepsy. Conclusions: All the recurrent afebrile seizures initially diagnosed as CwG, irrespective of the kinds and frequency of relapses, showed favorable prognoses. CwG maybe falls within the category of situation-related seizures, rather than epilepsy.
Introduction
Benign convulsions associated with mild gastroenteritis (CwG) were first described by Morooka et al. in 1982 in Japan [1] . Since then, a number of articles involving hundreds of patients have been published [2] [3] [4] [5] [6] [7] [8] . All the previous studies have agreed on a favorable prognosis for CwG. Based on afebrile seizures triggered by mild diarrhea and associated with good outcomes, some authors have proposed that CwG falls within the category of situation-related seizures [9, 10] or is an epileptic syndrome [11] within benign infantile seizures. However, CwG has not been formally recognized as an epilepsy syndrome or situation-related seizures by the International League Against Epilepsy (ILAE) so far [12, 13] . Furthermore, the pathogenesis of CwG is not well defined, and the conditions of relapse of afebrile seizures after the first CwG also impede full recognition of this entity.
Until now, the data on afebrile seizure recurrence in CwG have been limited and have varied considerably, especially regarding the recurrence of unprovoked seizures. It has been reported that CwG can recur during subsequent episodes of gastroenteritis in up to 20% of the cases [6] . By contrast, Verrotti found no recurrence of CwG at a minimum of 3 years long-term follow-up [14] . In the present study, we evaluated the recurrence of afebrile seizures and neurodevelopment in cases diagnosed as CwG with follow-up periods of at least 2 years. The aim of this study was to assess the neurological outcomes of children presenting with recurrent afebrile seizures after suffering a first CwG.
Methods

Participants
In this study, hospitalized patients diagnosed with CwG were enrolled from October 2009 to December 2014. Previously reported cases [3, 15] that occured during this period were included in this study. The inclusion criteria were identical to those described previously [7, 16] , and included (1) a diagnosis of CwG in previously healthy subjects 6 months to 3 years of age with afebrile convulsions; (2) seizure onset was associated with mild dehydration (< 5% of body weight); (3) seizures occurring in the course of gastroenteritis; (4) normal laboratory examinations (cerebrospinal fluid results, serum electrolytes, and blood glucose levels) were observed. Patients with mental or neurological deficits or those with a personal history of epilepsy were excluded from the study even though they had symptoms similar to CwG [8, 16] .
Each study participant had a detailed medical history and neurologic assessment on hospital admission that included seizure characteristics, infectious symptoms and family history of seizures. To exclude the potential etiologies for the seizures, blood glucose, electrolyte screening, lumbar puncture (to rule out intracranial infection), EEG, and computerized tomography/magnetic resonance imaging (CT/MRI) were performed. Three-hour video electroencephalography (EEG) studies according to the international 10-20 system were obtained within a week of the seizures and were evaluated by the attending pediatric neurologists. Seizure types were judged based upon parental interviews as well as observations of the pediatricians and were classified using ILAE terminology [17] .
Ethics
This study was approved by the Ethics Committee of the Children's Hospital of Chongqing Medical University, and informed consent was obtained from the legal guardians of each patient.
Follow-up
During the study period, 514 hospitalized cases with first seizures were diagnosed as CwG. All of them were followed up for a minimum of 2 years except 33 cases that were lost to follow-up. Among the 481 remaining patients, 37(7.7%) cases suffered more than one afebrile seizure and formed the cohort for the present study.
Starting from the second afebrile seizure, all the patients in this cohort were followed-up closely for at least 24 months by telephone or face-to-face interview every 3-6 months. Psychomotor development was evaluated, including fine and gross motor, language, and adaptive personal/social skills. If an abnormality in any of the above categories was suspected, the patients were asked to have a thorough neurological examination and neurodevelopment assessment at the outpatient department.
Based on the accompanying symptoms, the recurrent seizures were categorized into the following three patterns: afebrile seizures with mild gastroenteritis (AS-GI), afebrile seizures with non-gastrointestinal infection (AS-nGI) and unprovoked seizures (US). Afebrile seizures are defined as seizures in which fever was not present on the same day [18] . Afebrile seizures with minor infections are an afebrile seizure that occurs in association with an acute infection (occurring during the week prior to or 3 days after the seizure occurrence) that usually do not affect the brain. There may have been fever at some time during the illness, but the child was afebrile on the day of the seizure [18] . An unprovoked seizure is a seizure that occurres in the absence of any fever or infectious illness or acute (usually within a week) systemic or central nervous system insult [19] .
Results
Demographic characteristics
In this cohort, the age at seizure onset was 14.0 ± 7.3 months. The female:male ratio was 2.7.
Out of 37 patients, seven patients had a positive family history of seizures. All patients showed normal psychomotor development prior to the diagnosis of CwG.
According to the classification criteria, 25 cases, 9 cases and 3 cases were categorized into the AS-GI, AS-nGI and US groups, respectively. Nine cases classified as AS-nGI were associated with acute upper respiratory tract infection or acute bronchitis concomitantly without fever on the day of seizure occurrence. The demographic features by group were shown in Table 1 . The median ages at seizure onset for the AS-GI, AS-nGI and US groups were 15 months, 14.5 months and 13 months, respectively. One patient in the AS-GI group had two first degree relatives with febrile and afebrile seizures, respectively.
Clinical and EEG features
As shown in Table 1 , 44% (11/25), 44.4% (4/9) and 33.3% (1/3) of patients from the AS-GI, AS-nGI and US groups, respectively, presented with a second episode within 3 months of the first; the median interval duration from seizure onset to recurrence was 4 months, 4.7 months and 6 months, respectively.
Four parameters (Table 2 ) were recorded and evaluated -seizure type, seizure frequency, seizure duration and the interval between gastroenteritis onset and seizure. The most common seizure type in the AS-GI group for both onset and recurrent seizures was tonic seizures, with a prevalence of 48% and 64%, respectively. Regarding seizure frequency, over half of the patients had clustered seizures for both onset and recurrent episodes (56% vs. 72%, respectively). Duration of seizures of 1-5 min accounted for the largest proportion of both the onset (48%) and recurrent (72%) episodes. Finally, we assessed the interval between gastroenteritis onset and seizure occurrence, and found that nearly 90% of patients in both groups had a time interval of 3 or fewer days. The rates of the above four items were similar among all the three groups In the cohort, there were five cases that experienced a third episode of seizures. The seizure type and frequency of this group were similar to the others. The clinical features of cases with two or more seizure episodes and medication details are summarized in Table 3 .
Interictal EEG and neuroimaging
The findings of interictal EEG recordings are presented in Table 4 . Overall, during the first episode, there were only 3 cases (9.4%) with focal discharges, which were located in the occipital and parietal regions. For the recurrent episode, the total percentage of focal discharges was higher at 27.8% (10/36), with discharge area in the frontal region in five, the parietal region in four and the occipital region in one.
Within the first year of follow-up, all the cases had EEGs which reverted to normal except case 6, who presented with generalized epileptic discharges with bilateral prefrontal and frontal dominance. In the 10 cases with focal discharges in the interictal EEGs, two (cases 1 and 5, with bilateral frontal discharges) suffered a third episode of afebrile seizures.
Of the total 37 patients, 28 had brain imaging consisting of a CT (n = 9) or MRI (n = 19) performed. Of these 28, 75% (n = 21) presented with normal images. Nonspecific alterations were found in 7 cases by MRI as the following: delayed myelination (n = 4), periventricular white matter atrophy (n = 1), unilateral hippocampus atrophy without any significant abnormal signals (n = 1) and extracerebral space enlargement (n = 1).
Anti-epileptic drugs (AEDs)
In this cohort study, there were only 6 cases that received AEDs (Levetiracetam and valproic acid, alone or in combination; see Table 3 ).Three of the cases were presented with three seizure episodes. Case 6, who presented with two episodes, was also given levetiracetam and valproic acid sequentially because of the existence of unilateral hippocampal atrophy, which may be related to seizure recurrence. Levetiracetam was also introduced for cases 7 and 8, because their second episodes were characterized as AS-nGI and there were high guardian anxiety about seizure recurrence.
Follow-up
The follow-up period ranged from 2 to 7 years (median, 40.1 months). On final evaluation, the neurological examination and psychomotor development were normal in all 36 of the 37 children, including the cases that received AEDs. The other child showed language delay. As shown in Table 3 , 5 patients each had AEDs withdrawn successfully following a 2-year seizure-free period. At present, case 6 is being observed without evidence of intractable epilepsy. According to the definition proposed by Fisher [20] , only case 4 met the criteria for a diagnosis of epilepsy.
Discussion
Previous studies have reported that 4.7%-20% [6, [15] [16] of patients have a relapse of CwG, but that patients rarely present with recurrent unprovoked seizures [2, 5, 12] . The evolution and prognosis of recurrent afebrile seizures after an initial diagnosis of CwG require more investigations and thorough assessment. In the present study, we found three patterns of recurrent afebrile seizures in patients presenting with CwG initially. AS-GI accounted for the majority of recurrent cases. However, unprovoked seizures and AS-nGI were also observed. Onset and recurrent seizure episodes in patients with all three patterns were primarily characterized by clustered seizures and a favorable prognoses, although five patients had three episodes of afebrile seizures. Thus, we found that the pattern of seizure relapse after initial CwG varies, but the outcome is favorable regardless of the relapse pattern. GTS, generalized tonic seizure; GCS, generalized clonic seizure; GTCS, generalized tonic-clonic seizure. Zhang et al found that CwG versus AS-nGI and US at onset are two distinguishable kinds, with the latter twos sharing the similar relapse rates. Afebrile seizures recurred in 100% and 92.9% cases diagnosed with AS-nGI and US, respectively [15] . In contrast, in the present study, no cases with two or more episodes of afebrile seizures were found in the AS-nGI group during over 3 years of follow-up, while one of the three patients in the US group presented with US recurrence. This difference might be explained by the fact that AS-nGIs and USs were the relapse presentations instead of the initial events. In other words, although CwG had different relapse conditions, the prognosis was associated with an initial episode of CwG.
Benign infantile epilepsy (BIE) has been established as a distinct epilepsy syndrome characterized by clusters of focal seizures of infantile onset, with no clear etiological factors, normal interictal EEG and neuroimaging, and normal psychomotor development [21] . CwG and BIE have common onset features and seizure symptomatology. As demonstrated with initial CwGs previously, most seizure types observed in the present cohort were apparent generalized seizures occurring in clusters over 24-h periods, wheras ictal EEGs have shown that the majority of seizures in patients with CwG tend to be secondarily generalized [22, 23] . The reasons for the high percentage of generalized seizures found in this study were probably that focal seizures can rapidly become secondarily generalized and ictal EEGs were not obtained in all patients. Furthermore, Okumura et al. identified three children with BIE experiencing seizures associated with mild gastroenteritis at follow-up [24] . All the data supports the opinion that CwG may be an entity within benign infantile seizures [25] .
Conversely, CwG could be considered "situation-related" seizures due to an acute and transient brain dysfunction caused by factors related to viral gastroenteritis. Rotavirus is the most common agent associated with CwG. The rotavirus antigen was found in the stool of 22.35% of our patients at the time of initial CwG diagnosis, which is similar to rates in previous reports [3, 4, 15] . Direct CNS viral invasion and viral enterotoxin NSP4-induced disruption of calcium homeostasis have been hypothesized as possibly underlying the genesis of seizures in CwG [12] . Acute symptomatic seizures (namely "situation-related" seizures) differ from epilepsy in several important aspects [26] . Firstly, the proximate cause of acute symptomatic seizures is clearly identifiable. Furthermore, acute symptomatic seizures are not necessarily characterized by a tendency for recurrence unless there is recurrence of the underlying acute causal condition. Lastly, epilepsy is defined as the occurrence of two or more unprovoked seizures. Using the above criteria for our study cohort, all of the cases except one with two attacks of afebrile seizures should be categorized "situation-related" seizures, rather than epilepsy. In other words, consistent with other authors' opinions [3, 12, 14] , the relapses of afebrile seizures in initially diagnosed CwG patients did not met the definition of epilepsy at the time of our study's end.
During the follow-up period in this study (2 years minimum), only one patient experienced two episodes of USs and was diagnosed as epilepsy. Based on the definition of epilepsy proposed by Fisher et al. [20] , which requires at least two unprovoked (or reflex) seizures occurring > 24 h apart or one seizure in the presence of an enduring brain alteration that increases the likelihood of seizures, other patients were not diagnosed with epilepsy even though they presented with two or more episodes of afebrile seizures. This is because they showed normal psychomotor development and nonspecific pathology on brain imaging and there was no definite enduring predisposition to cause seizures; therefore, their risk of further seizures is very low. Verrotti et al. [14] reported that 2.5% of patients presented with unprovoked seizures after a first episode of CwG, but that none developed epilepsy. During our follow-up period, all the patients demonstrated favorable prognoses and apparently responded well to AEDs (when given), regardless of the kinds and times of relapse seizures. Consistently, Dura-Trave [6] reported a case with two relapses of CwG that still showed good outcome. All these results suggest that we should be cautious to define a diagnosis of epilepsy based on the recurrence of afebrile seizures in CwG patients, considering the negative associated consequences, namely, the social stigma and risk of overtreatment [27] .
Until now, although cases have been reported in Europe and America [2, 6, 8, 14, 28] , more cases have been described in East Asian countries, mainly Japan, South Korea and China [3] [4] [5] 7, 15, [29] [30] [31] [32] , where CwG episodes occur in approximately 1% of all acute gastroenteritis cases [12] . The racial difference suggests that the genetic characteristics of the host play a role in the development of CwG. However, unlike genetic variants such as PRRT2, KCNQ2 and SCN2A identified to cause BIE [33] , no mutations of such genes [29, 30, 34, 35] have been reported in CwG patients. On the contrary, we identified heterozygous microdeletions in PRRT2 which harbored hot spot mutations in one patient with recurrent CwG (unpublished data), indicating that recurrent CwG might be categorized as BIE according to gene mutations and clinical features. Additionally, linkage analysis in families with BIE identified two other loci on chromosome 19q [36] and 1p [37] , clinical manifestations of patients from these families are similar to those with PRRT2 mutations. Of our study patients, 18.9% (7/ 37) had positive family histories of seizures, which is similar to the rates found in the first reported CwG patients [3, 15] , and some studies have reported even higher percentages [6, 16] . Moreover, some familial CwG cases have also been reported [6, 16, 38] . Hence, it is postulated that genetic factors may be involved in the pathogenesis of CwG. It is likely that genes other than PRRT2 and KCNQ2, or mutation patterns such as microdeletions or duplications will be found to cause BIE and, possibly, CwG in the future.
Consistent with previous reports [3, 12, 16] , only a minority of cases showed abnormal interictal EEGs with suspected sharp waves or spikes and slow background with the initial episode. Although the percentage of abnormal interictal EEG recordings was higher for recurrences than for the initial events in our study cohort, all the cases except for one reverted to normal EEGs over time, indicating that the transient focal epileptic discharges did not predict a high risk of developing epilepsy. Only a minority showed focal discharges, which revealed a probable focal onset of the seizures and is consistent with the characteristics of benign convulsions in infants [10] . Therefore, we believed that the abnormal EEG findings seen with afebrile seizure recurrences were transient and not absolute indicators of subsequent epilepsy as in the initial CwG episodes [4, 39] .
Limitations to our study include its relatively small size, which mainly because of the low risk of recurrence of afebrile seizures. Also, Table 4 Interictal EEG characteristics by group.
AS-GI (n = 25)
AS-nGI (n = 9) US (n = 3)
Onset (n = 20) Recurrent (n = 25) Onset (n = 9) Recurrent (n = 8) Onset(n = 3) Recurrent (n = 3) no ictal EEG recordings were obtained, and the guardians' seizure descriptions may have caused misclassification of seizures in some cases.
In conclusion, our findings confirmed that the recurrence of afebrile seizures associated with or without gastroenteritis in the setting of an initial CwG episode represents a benign entity with a favorable developmental and seizure outcome. Irrespective of the nosological location of this entity, it must be recognized to avoid extensive evaluations and unnecessary long-term AEDs therapies. With identification of more cases of CwG and a better understanding of its evolution, CwG is likely to fall within the category of situation-related seizures and may find a place in the ILAE classification system.
